Abstract We investigate the solar flare of 20 October 2002. The flare was accompanied by quasi-periodic pulsations (QPP) of both thermal and nonthermal hard X-ray emissions (HXR) observed by RHESSI in the 3-50 keV energy range. Analysis of the HXR time profiles in different energy channels made with the Lomb periodogram indicates two statistically significant time periods of about 16 and 36 seconds. The 36-second QPP were observed only in the nonthermal HXR emission in the impulsive phase of the flare. The 16-second QPP were more pronounced in the thermal HXR emission and were observed both in the impulsive and in the decay phases of the flare. Imaging analysis of the flare region, the determined time periods of the QPP and the estimated physical parameters of magnetic loops in the flare region allow us to interpret the observations as follows. 1) In the impulsive phase energy was released and electrons were accelerated by successive acts with the average time period of about 36 seconds in different parts of two spatially separated, but interacting loop systems of the flare region.
in flares. However, despite the large number of papers published on flare QPP, their nature is still not fully understood. Further imaging analysis of flares with QPP is required.
In this work we investigate the solar flare of 20 October 2002. The light curves of its thermal and nonthermal HXR emission detected by RHESSI clearly indicate the presence of the QPP with two significant time periods of about 16 and 36 seconds. We will present time-spectral, energy-spectral and imaging analysis of the flare HXR emission and propose possible flare scenario to interpret the observed QPP.
Data and Instrumentation
1. The Reuven Ramaty High-Energy Solar Spectroscopic Imager (RHESSI; Lin et al., 2002 ) is used to detect solar X-rays of about 3-17000 keV. The time resolution of RHESSI is about 4 seconds, which equals the satellite's period of rotation. RHESSI can detect X-rays with energy resolution of about 1 keV (Smith et al., 2002) and with spatial resolution of about 2.3 ′′ in the 3-100 keV range (Hurford et al., 2002) .
2. Three-second data sets of X-ray emission detected by the X-Ray Sensor (XRS) onboard GOES-10 satellite in two energy channels (1-8 and 0.5-4Å or about 1.55-12.4 and 3.1-24.8 keV) are used. Unfortunately, the Solar X-ray Imager onboard the GOES-12 satellite (Hill et al., 2005) did not produce images of the Sun during the flare.
3. One-second ground-based radio data (flux) are obtained from two observatories of the Radio Solar Telescope Network (RSTN) -the Sagamore Hill Radio Observatory (USA) and the San Vito Solar Observatory (Italy) -at standard frequencies 245, 410, 610, 1414, 2695, 4995 , 8800 and 15400 MHz. Unfortunately, these observatories do not make imaging observations of the Sun. The Nobeyama Radioheliograph, who can make images of the Sun in the microwave range, was in night time during the flare.
4. Full-disk images made in Fe XII lines (about 195Å; formation temperature is about 1.6 MK) by the Extreme-ultraviolet Imaging Telescope onboard the Solar and Heliospheric Observatory spacecraft (EIT/SOHO; Delaboudinière et al., 1995) with a spatial resolution of 2.62 ′′ and cadence of about 12 minutes are used to determine configuration of magnetic loops in the flare region. Unfortunately, the Transition Region and Coronal Explorer (TRACE; Handy et al., 1999) , which has better spatial resolution and fewer cadence, observed different active region during this flare.
5. Level 1.8 full-disk photospheric line-of-sight magnetograms made by the Michelson Doppler Imager onboard SOHO (MDI/SOHO; Scherrer et al., 1995) with a spatial resolution of about 2 ′′ are used to determine configuration of magnetic field and the magnetic inversion line in the flare region and to roughly estimate magnetic field in flare loops.
Observations

Time and spectral analysis of the flare hard X-ray emission
The solar flare of 20 October 2002 (M1.8 according to the GOES classification) with heliographic coordinates S19 , W23 started at about 14:21 UT in X-ray radiation in the NOAA Active Region 10163. The light curves of HXR emission detected by RHESSI in the 3-50 keV range indicate clearly the presence of QPP (Figure 1 ). The light curve of X-ray radiation detected by GOES is much smoother and does not reveal pulsations. Possibly, this is due to RHESSI's detectors having much higher count statistics of X-rays than GOES's detectors: RHESSI has nine cryogenically cooled germanium detectors, while the GOES satellites have two ion chambers. Unfortunately, the used solar radio telescopes could not detect the above-background flux of microwave emission at frequencies above 8800 MHz, which could allow us to study the behavior of the mildlyrelativistic electrons in this flare. Thus, further we will concentrate only on the analysis of HXR emission, detected by RHESSI.
Using the OSPEX package within the SolarSoftWare we made spectral analysis of the HXR emission (from full-disk and from selected areas of the flare region) detected by RHESSI in different time intervals during the flare. The implemented best-fit-technique clearly indicates that the energy spectrum of the HXR emission has a thermal component and a nonthermal component, which is fitted well by the double power-law function (the break energy is in the 15-25 keV range; the power-law spectral indexes below and above break are between -9 and -4 during the flare; this soft spectrum of HXR emission partly explains the absence of detectable microwave emission). The nonthermal component dominates the thermal component in the spectrum of X-rays above energies of about 10-15 keV. Further, according to the implemented spectral analysis, we will subdivide the HXR emission into thermal (below 15 keV) and nonthermal (above 15 keV) components. For the sake of clarity and compactness of the paper, we will present an analysis of only light curves in the 5(6)-10(12) (thermal component) and 25-50 (nonthermal component) keV energy ranges.
Looking at the light curves of HXR emission, we can subdivide the flare into two fundamentally different phases: the impulsive phase and the decay phase. The impulsive phase consists of eight quasi-periodic pulses of nonthermal emission [episodes (E)-(L) on Figure 1 ] with a duration of about 30-40 seconds, indicating several acts of energy release and acceleration of electrons. These pulses are clearly composed of shorter quasi-periodic subpulses with a duration of about 15-20 seconds, which coincide in time (within the measurement accuracy of RHESSI of about 4 seconds) with pulses of thermal emission. The decay phase, which started after the maximum of the thermal HXR emission [after interval (M) on Figure 1 ], consists mainly of pulses of thermal emission with a duration of 15-20 seconds, while the decaying flux of nonthermal HXR emission mainly below 25 keV is also still presented (this is not shown on Figure 1 for clarity). Possibly, this indicates that there were no new significant acts of energy release in the decay phase of the flare, while nonthermal electrons, accelerated mainly in the impulsive phase, were still trapped in the "post"-flare loops. This scenario will be confirmed by the imaging analysis of the flare region (see Section 3.2).
The presence of oscillations in the light curves of the observed HXR emission is confirmed by their spectral analysis. Firstly, to remove low frequency spectral components, we subtract the running averaged signals smoothed over 20 or 60 seconds F 20,60 (t) from the 4-second RHESSI data F 4 (t). Further, the normalized Lomb periodograms (Lomb, 1976; Scargle, 1982) The power spectra of the normalized light curves of thermal emission reveal a statistically significant (Horne and Baliunas, 1986 ) peak of about 16 seconds both in the impulsive and in the decay phases, but more pronounced in the decay phase [see Figure 2 (b), 2(d) and 2(f)]. The power spectra of the normalized light curves of nonthermal emission with averaging over 20 and 60 seconds reveal two statistically significant peaks around 14-17 seconds and about 36-37 seconds, respectively. Averaging over 60 seconds has strengthened the statistical significance of the 36-second peak in the spectrum, while averaging over 20 seconds has strengthened the significance of the 16-second peak. The splitting of the peak near 16 seconds to two more narrow peaks [ Figure 2 (h)] may be related to the short duration of the analyzed data sets. To examine the spatial evolution of thermal and nonthermal X-ray sources during the impulsive and decay phases we reconstruct RHESSI images using the CLEAN and Pixon algorithms (Hurford et al., 2002) . Detectors 3-8 are used. Several series of images integrated over 8, 12, 16, 20, 32, 48, 60 seconds are obtained in different energy ranges and for different time intervals. We mainly work with the 5(6)-10(12) keV (thermal X-ray sources) and 25-50 keV (nonthermal X-ray sources) RHESSI images. Figure 3 (e-o) shows the morphology and dynamics of the flare region in Xrays. It is seen that early in the impulsive phase (up to about 14:25 UT) there were two clearly separated systems of flare loops (in the South-East and in the North-West), whose positions coincided well with the loop systems SE and NW, visible in the EIT images. These loop systems were not independent. We calculate time profiles of thermal HXR flux at 6-12 keV both from the SE and from the NW systems in the 14:22:48-14:25:20 UT interval (when the two flare systems were clearly separated), which we split into subintervals of 8 seconds to make time series of X-ray images. To calculate the HXR flux from each system we employ two circular integration regions with radius of 15 arcsecs for each system on each image. It turned out that fluxes of thermal HXR emission, calculated from two separate flare systems, were strongly correlated (Figure 4) .
The space between the two flare loop systems was filled with thermal HXR radiation after about 14:25 UT (before start of the decay phase), indicating the presence of magnetic loops here, which could connect the SE and the NW systems. The SE system and the space between two systems have become practically invisible in thermal HXR against the background of the bright NW source in the decay phase, possibly due to much stronger emission from the NW system and the limited dynamic range of the RHESSI observations. Only the NW system was clearly observed in thermal HXR in the decay phase. Unfortunately, it is not possible to make spatially resolved analysis of the flare oscillations in thermal HXR emission due to the low spatial resolution of RHESSI.
Morphology of nonthermal HXR sources, located mainly in the footpoints of different flare loops, also confirms the presence of two flare loop systems before about 14:25 UT. We emphasize that nonthermal HXR were emitted from different positions in both flare systems during this time interval -the sources of nonthermal HXR emission were not stationary! The footpoint sources of nonthermal HXR emission almost completely disappeared in the SE system after about 14:25 UT [ Figure 3 (j) and 3(k)], while two footpoint nonthermal HXR sources in the NW system became stationary. Nonthermal HXR radiation filled the whole NW loop system, not only its footpoints, in the decay phase [ Figure 3 (m), 3(n) and 3(o)]. Possibly, this was caused by the trapped nonthermal electrons in these overdense loops. Unfortunately, it is not possible to investigate dynamics of nonthermal HXR emission more precisely due to low RHESSI count statistics in this flare (we have to use integration at least over 32 seconds to generate 25-50 keV images of high quality).
Discussion
Based on the analyzed observational data, we can propose a rough scenario of the investigated flare [see Figure 3 (p)].
1. In the impulsive phase of the flare energy was released and electrons were accelerated by successive quasi-periodic acts with an average time period of about 36 seconds in different parts of two spatially separated, but interacting loop-systems of the flare region. Possibly, these loop-systems interact through the connecting magnetic loop near both ends of which they are located. We have established two observational evidences that these flare systems are linked: 1) the fluxes of thermal HXR emission from these systems are strongly correlated; 2) the formation of the loop-type structure in the space between these flaring systems is observed in thermal HXR emission. The question appears: is it possible to interpret the observed 36-second quasi-periodicity (P 36 ) of energy release in two different flaring systems by the MHD oscillations in the connecting loop? Indeed, it was concluded from the imaging observations of another flare event that oscillations of even nonflaring transequatorial loop (the kink modes) can be responsible for the QPP of HXR emission observed simultaneously from two different active regions located at both ends of this loop (Foullon et al., 2005) . Unfortunately, it is not possible to estimate length of the connecting loop (L c ) accurately in our case, due to insufficient spatial resolution of observations, nevertheless we can say with certainty that 20 ≤ L c ≤ 40 Mm. Thus, we can estimate the required phase speed of a fundamental standing mode as V ph = 2L c /P 36 or 1100 ≤ V ph ≤ 2200 km/s. These phase speeds are consistent with the speeds of fast magnetoacoustic kink modes that have been directly observed in coronal loops in the EUV emission and references therein) . Implementing the imaging spectroscopy technique to the RHESSI HXR data we could estimate the emission measure of different parts of the flare region. Hence, using the observed volumes of these parts, we could roughly estimate averaged electron plasma density (n e ) in them. Our estimations give 10 10 ≤ n e ≤ 10 11 cm −3 for each flaring loop-system and also for the connecting loop-type structure. Thus, the Alfvén speed in the connecting loop-type structure is 7B ≤ V A ≤ 22B km/s, where B is magnetic field in gauss inside the loop-type structure. Consequently, if B ≈ 100 G, which is a reasonable value, we have 700 ≤ V A ≤ 2200 km/s. These values of the Alfvén speed are very close to the estimated V ph ! Thus, we conclude that the observed 36-second periodicity can actually be caused by the fast MHD oscillations in the loop-type structure, which connects two separate flare systems. The physical mechanism, proposed by Nakariakov et al. (2006) , is a good candidate to explain quasi-periodic spatial fragmentation of energy release in the impulsive phase of this flare (see Section 1). Multiple null-points could actually exist in this flare region, because of its complex topology: several inclusions of magnetic field of opposite polarity are seen on the magnetograms.
2. During the first 36-second explosive episodes of energy release, the MHD oscillations, probably global sausage modes (see below), with time period of about 16 seconds were excited in the loops of the NW flare system.
3. These oscillations were maintained by the subsequent explosive acts of energy release in the impulsive phase and were damped in the decay phase of the flare. We conclude that the 16-second oscillations were excited only in the NW system, but not in the SE flare system and not in the connecting loop-type structure at least in the decay phase, because the NW system was more stationary and retained its loop-like configuration in the decay phase, when the QPP of thermal HXR emission were still observed, but the SE flare system and the connecting loop-type structure were no longer visible in thermal HXR emission on the RHESSI images. Estimated length and electron plasma density of the loops in the NW flare system are 25 ≤ L N W ≤ 35 Mm and 10 10 ≤ n e ≤ 10 11 cm −3 , respectively. These physical parameters highly coincide with the same parameters, found in Nakariakov, Melnikov, and Reznikova (2003) , where the 16-second quasi-periodic pulsations of microwave emission, observed with the Nobeyama Radioheliograph, were successfully interpreted in terms of the global sausage mode of the oscillating flare loop! Thus, by analogy, we can also interpret the observed 16-second pulsations of HXR emission as the global sausage mode, excited in the loops of the NW flare system. Moreover, the sausage mode must be accompanied by perturbations of plasma density and emission measure. Hence, this mode of oscillations would quasi-periodically modulate flux of thermal HXR emission. This is what we observe both in the impulsive and in the decay phase of the flare. The decay phase was not accompanied by significant energy release, therefore we clearly observe the damping of oscillations. Contrary to that, in the impulsive phase there were multiple explosive acts of energy release, which might intermittently re-excite oscillations.
It is interesting to note that the 16-second periodicity of nonthermal emission has already been observed in other solar flares (Parks and Winckler, 1969; Nakariakov, Melnikov, and Reznikova, 2003; Inglis, Nakariakov, and Melnikov, 2008) . Perhaps, this is a typical period of the global sausage oscillations in flare regions (Inglis, Nakariakov, and Melnikov, 2008) . The 36-second periodicity of HXR emission was also found in many solar flares (Lipa, 1978) .
Despite the above arguments we are aware that the proposed flare scenario, based on the MHD oscillations of magnetic loops in flare region, may not be true. Oscillations of the flaring loops itself were not detected directly using imaging observations, though this may be due to the observational limitations. Figure 3 and denoted by the same, but small letters) are made. The impulsive phase is between (E) and (M), and the decay phase is after (M). and from the NW (multiplied by 1.5) flare systems [see Figure 3 ] using the Clean images at 6-12 keV reconstructed with the time cadence of 8 seconds (black and red lines with asterisk, respectively; left vertical axis). Time profiles of the full-disk X-ray emission, observed by RHESSI in the 6-12 keV range with the time resolution of 4 seconds and running-averaged over 8 seconds (blue line with asterisk; right vertical axis).
